Introduction
According to existing studies of mental health, 21% male and 28% of female university athletes had experienced depression to the point of impaired functioning over the course of a year, and 31% and 48% of male and female athletes, respectively, had felt excessive anxiety 1) . These prevalence rates suggest that one in five athletes are depressed. Athletes have increased mental health risk factors compared to non-athletic populations, and this has been attributed to high training loads, tough competition, and stressful lifestyles 2) . Further, it has been determined that athletes are exposed to physical and mental health issues throughout their competitive careers, and this result in cases of burnout and dropout 3) . However, the means of recognizing stressors differ between individual athletes. If resistance to stress is high, the stress response is reduced, making the manifestation of a mental health issue less likely. However, if there is low resistance to stress, there is an inability to address stress factors, and such people are considered more likely to experience stress. From the medical point of view, it is important to consider the mental health of athletes.
This susceptibility to stress-related damage is called"vulnerability" . Hayashi 4) defines vulnerability as"a susceptibility to damaging oneself, a possible state of brittle or emotional hurt" . In an overview of previous studies on vulnerability, Hayashi 4) examined the relationship between vulnerability and depression in non-athletic university students and reported a positive correlation. Further, according to 5) , people with high vulnerability are less likely to conduct self-evaluations and report their difficulties, which can lead to the development of maladaptive issues, such as withdrawal and depression. The vulnerability scales used in these previous studies were the narcissistic vulnerability subscale of the 134-item Self-Descriptive Inventory 6) and the Psychological Vulnerability Scale (PVS) 7) . Discussing the generation of conventional scales, Schaufeli et al. 8) highlighted the importance of creating a measurement tailored to the characteristics (occupation, gender, etc.) of the subjects, based on accurate psychological assessment. Although the PVS has been widely used, it was created for patients with rheumatoid arthritis; thus, it is unsuitable for measuring athlete-specific vulnerability. Furthermore, since competition scenarios differ from daily scenarios, there are stress factors peculiar to competition to consider. Keeping these facts in mind, it is necessary to develop a scale specific to athletes. According to Brunner 9) , the"human mind is originally vulnerable, but its danger is not evenly distributed: people with high risk are more vulnerable" . Thus, as vulnerability is not evenly distributed, some athletes are likely to be excessively vulnerable. Aoki 10) reported that the main reasons for quitting club activities, among both males and females, are dissatisfaction with human relations and departmental activities, and lack of self-confidence. Also, mental fatigue has the potential to increase vulnerability, which, in turn, promotes stress and burnout 11) . Thus, it is difficult for athletes with high vulnerability to flexibly negotiate stress factors, and we believe that these populations have a high risk of developing mental health issues. In addition, athletes have higher depressed scores than general university students, and therefore, there is a high risk of developing depression 12) . Therefore, understanding vulnerability in athletes is important. One method of doing so is to endeavor to prevent long-term depression symptoms and helplessness and improve mental health. In fact, by helping athletes reaffirm their purpose, their performance can be improved.
Considering the above, the purpose of this study is to develop a vulnerability scale for university athletes, to examine the reliability and validity of the scale, and examine the basic attributes and related factors concerning the target population.
Mixed methods research relates to when an investigator combines statistical trends (quantitative data) with stories and personal experiences (qualitative data); this collective strength provides a better understanding of the research problem than either form of data alone 13) . In addition, the National Institutes of Health provides guidelines on the implementation of mixed methods research practice 14) . In this study, we utilize Creswellʼ s method 13) 14) . First, in the preliminary survey, we extract the constituent factors of vulnerability in the athletic context using interviews. Next, we develop a vulnerability scale for Japanese university athletes, examine the reliability and validity of the scale, and consider the basic attributes and related factors concerning the target population.
Preliminary study
The purpose of the prelim survey was to extract the constituent factors of vulnerability in the athletic context using interviews.
Participants
The participants of the preliminary study were nine Japanese university athletes (five males, four females; mean age of 20.3 years; SD = 0.94). The survey was conducted from April to May 2017. Specifically, the participants were track and field (n = 3), soccer (n = 2), futsal (n = 1), handball (n = 1), baseball (n = 1), and soft tennis (n = 1) athletes. The competitive levels were form district to national levels.
Design and procedures
The survey was conducted using a semi-structured interview and questionnaire method. Prior to the interview, we created an interview guide containing question items. First, we told the participants: "I will ask you about instances when you have been emotionally hurt while competing (in practice or games)" . Then, based on that question, we asked the five previously prepared question items shown below. The total time taken for the interview and the questionnaire was approximately 30 minutes. We recorded all speech data using a digital voice recorder. To ensure the participantsʼ privacy, each survey was conducted in a quiet room in the university with only the first author, two researchers, and the subject present.
From its definition, it is thought that vulnerability is a concept composed of"brittleness"and "weakness" 4) ; therefore, we created the following questions for the semi-structured interview:
(1) Have you ever experienced emotional pain while in a competitive situation (either in practice or competition) ? (2) When did you experience emotional pain in a competitive situation (practice or competition) ? (3) Are there any instances when you felt"brittle" while playing in a competitive situation (practice or competition) ? (4) Are there any instances when you felt"weak" while playing in a competitive situation (practice or competition) ? (5) What was the reason you did not quit despite experiencing emotional pain? We recorded the contents of the interviews using a digital voice recorder and the recordings were later transcribed. The obtained speech data were sorted using the KJ (Kawakita-Jiro) method 15) , the lexicon was gradually summarized, and a label indicating vulnerability was assigned to each athlete. Then, we examined the items by considering the labels representing vulnerability and its related definitions 4) . To analyze the obtained speech data, items with ambiguous contents, such as those with obscure meanings far removed from the definition of vulnerability, were excluded. Two psychiatrists, one sports psychologist, one health psychologist, and five graduate students specializing in sports psychology held discussions until they reached a consensus on item selection.
Results and discussion of the preliminary survey
Examples of the contents obtained from the interview survey include:"I feel hurt when I am not selected for the team" ,"I dislike feeling pressured by seniors" ,"The coach said to me ʻYou are uselessʼ" , "The coach does not teach me kindly" , and"Players who are of a lower level than me are selected to play in the game" . According to Creswell et al. 14) , qualitative methods facilitate the collection of data in the absence of existing measures and assist in the understanding of concepts. From these voice data, we gathered impressions and constituent factors that seemed to relate to vulnerability and summarized the evaluation vocabulary.
As a result, 50 items related to vulnerability was extracted. Then, they were categorized into six categories ( Table-1 ). We labeled these six components:"relationships between superiors and inferiors" ,"no understanding of peers" ,"no understanding of the coach" ,"bad evaluation from comparing oneself with others" , "unexpected events" , and "bad performance" . These were regarded as the cause of emotional hurt among athletes.
Regarding the relationships between superiors and inferiors, understanding from athletes from the same grade, and understanding from the coach, the cause of the emotional pain differed, but all had the same item contents. The actual answers were vague, such as"I dislike feeling pressure from seniors or the coach"or"Senior athletes and the same grade were told a bad mouth in the shade" . Therefore, we selected the behaviors for the cause of the emotional hurt from these responses. Comments such as"I feel emotional hurt when I am rebuked from senior athletes" ,"I feel emotional hurt if I am ignored form senior athletes" , and"I feel emotional hurt if my efforts were not panned out in competitions"were obtained.
Regarding understanding of the coach (Specifically,"talking behind oneʼs back" ,"overawed" , and "condescending" ) were excluded because they could be considered as"abuse"or"violence" .
Comparisons with others were composed of items related to content that is emotional hurt by comparing with others. In the actual answers provided, such as"I am in good condition, but the coach does not evaluate me" ,"I feel depressed if I donʼ t receive trust from a teammate" ,"I am emotional hurt of players of a lower level than me are played competitively" , and"Only I am doing my best and other athletes have no motivation" , were selected as the cause of emotional hurt."I feel depressed if an unmotivated athlete is chosen instead of me"and"I donʼt feel depressed even if an opponent calls me ʻweakʼ"were also considered appropriate and selected.
Regarding unexpected events and performance, a vocabulary unique to sport was used, and references were made to incidents such as experiencing an unexpected injury during competition and failure to perform well. For answers such as"I thought I was in good condition, but I could not get results" ,"I thought I could win but I lost the game" , "I lost the game due to my mistake" , and"I can perform well in practice, but I cannot do so in games" , behavior was selected as the cause of emotional hurt. Since many similar language data were obtained, they were classified using the KJ method and summarized the behaviors related to the cause of the emotional hurt; such as,"I feel depressed if I cannot practice because of an injury" , "During practice, I feel depressed if I cannot produce my usual performance" ,"I lose confidence if I cannot perform normally during a key situation" , and"I feel depressed if I cannot achieve a goal I thought I could achieve" .
Main study
The purpose of the main study was to develop the Athletic Vulnerability Scale (AVS). In addition, the scaleʼ s reliability and validity were examined. A further aim was to use the scale to examine related factors and basic attributes for the target population.
Participants
Between April and May 2017, we collected data from 363 Japanese university athletes (193 males, 170 females; mean age 19.0 years; SD = 1.07) near the Kanto area. Sports played by the survey respondents were track and field (n = 66), soccer (n = 60), basketball (n = 45), baseball (n = 39), volleyball (n = 19), handball (n = 15), swimming (n = 14), artistic gymnastics (n = 13), softball (n = 13), tennis (n = 11), kendo (n = 10), judo (n = 9), lifesaving (n = 9), futsal (n = 7), squash (n = 6), triathlon (n = 6), dance (n = 6), keirin (n = 5), rugby (n = 4), skiing (n = 2), ice hockey (n = 1), badminton (n = 1), and baton twirling (n = 1). The competition levels were from district to national level. The concerned research ethics committee approved this study. Prior to the study, written informed consent was obtained from all participants. Each participant was made aware of his/her right to decline to cooperate at any time without repercussions, even after consenting to participate.
Measures
The questionnaire survey content was as follows: (1) Vulnerability: Original draft of the university athletesʼ vulnerability scale A draft of the AVS for university athletes, comprising 50 items obtained from preliminary interview surveys, was created. These items were answered using a four-point scale ranging from"I completely disagree"(one point) to"I completely agree"(four points). The score was calculated using the average item score for each factor. Higher scores indicate greater tendencies toward psychological vulnerability. (2) Socio demographic questions We asked each university student about his/her gender, age, grade, sports event, competitive level, and role in his/her team. The responses were analyzed using both descriptive and selection formula.
(3) PVS
We used the PVS developed by Sinclair & Wallston 7) . This scale consists of six items, and answers are provided using a four-point scale ranging from"I completely disagree" (one point) to"I completely agree" (four points). Higher scores indicate greater psychological vulnerability. The score was calculated as the total score of the items. (4) Depression: Self-rating depression scale We also used the Self-rating Depression Scale created by Zung 16) . This scale consists of 20 items, answered using a four-point scale ranging from"a little of the time" (one point) to"most of the time" (four points). Higher scores indicate a greater tendency toward depression. The score was calculated as the total score of the items.
Design and procedures
The purpose of the study was explained to the participants. After obtaining approval, a questionnaire survey was conducted. Prior to administering the questionnaires, information regarding the purpose of the study, data processing methods, confidentiality of the response data, and participation in the study was outlined in the questionnaire coversheet. The survey was conducted after the participants provided informed consent.
Statistical analysis
In order to understand the nature of the items obtained before the factor analysis, item analysis was conducted using IT correlation analysis and GP analysis. Then, exploratory factor analysis (maximum likelihood method/Promax rotation) was performed to grasp the factor structure of the AVS, and this was followed by confirmatory factor analysis. Fitness indices such as goodness of fit index (GFI), adjusted goodness of fit index (AGFI), comparative fit index (CFI), and root mean square error of approximation (RMSEA) were used. In the verifiable factor analysis estimation, the maximum likelihood method was used, limiting the variance of each latent variable to 1, and each path from the error variable to the observed variable was also limited to 1. The reliability and validity of the scale were examined as follows. Regarding reliability and stability, we calculated Cronbachʼs α to confirm internal consistency, and then calculated the intra-class correlation coefficient (ICC) as a retest; the retest was performed after a two-week interval. Approximately 20% of the whole sample was randomly sampled and used for the retest. Regarding the validity, the correlation between the AVS and the PVS was confirmed. Further, confirmatory factor analysis was performed to clarify factorial validity. Then, after determining bond reliability and validity, we examined the relationship between gender and the AVS. Specifically, after conducting a t-test based on gender differences, a two-factor analysis of variance (ANOVA) was conducted on the effects of gender differences and high, medium, and low vulnerability on depression. In the classification methods of high, medium and low, low group was 33% or less, and 66% or more was high group. In the analysis, we decided to comprehensively include not only the p-value showing the significance probability but also the indicator of the effect size. Regarding partial η 2 , there was no clear criterion showing the magnitude of the effect 17) . However, when η 2 was used, the number of independent variables and samples influenced it. We also used partial η 2 , which calculates the effect of the influence of one independent variable while controlling the influence of other factors. These analyses were performed using SPSS 21 and AMOS 21 (IBM, Japan).
Results
The number of competitors by gender and the competition level to which the subject belongs were as follows (Table-2 ). In this research, for the competition level, we set a level higher than the national convention and low level below the national convention.
Item analysis
For the 50 items of the draft version, item analysis was conducted using IT correlation analysis and GP analysis. As a result, we decided to delete six items that showed ceiling effects. Thus, 44 items were advanced to the factor analysis. Next, both the Kaiser-Meyer-Olkin (KMO) measurement and the Bartlett Spherical Shape Test (BS) were performed to confirm the validity of the data. As a result, the KMO measure was 0.86, and the BS was 1,575.971 (p < 0.001).
Exploratory factor analysis
In conducting exploratory factor analysis, the criterion of analysis was set to an eigenvalue of 1.0 or more and the factor load amount was rounded down to 0.45 or less. As a result, 12 items across three factors were extracted. The first factor was "vulnerability due to being denied or ignored from others" , the second was"vulnerability due to inconsistent performance" , and the third was"vulnerability due to low interpersonal evaluation" (Table-3 ).
Reliability
With regard to reliability, α for each factor was calculated; the coefficient for the first factor was 0.72, the second factor was 0.79, and the third factor was 0.80. Using random sampling, 86 subjects (23% of the sample) out of 363 were selected. Approximately two weeks after the first survey, 86 participants were re-examined, and ICC values were ri = 0.79-0.89 (p < 0.01).
Confirmatory factor analysis
In order to investigate the validity of the factors extracted by exploratory factor analysis, confirmatory factor analysis was performed (Figure-1) . As a result, for latent variables of the hypothetical to observation variables, the path coefficients between the latent variables were all determined to be significant at the 0.1% level, and the fitness of the 
Concurrent validity
Regard to concurrent validity, Pearsonʼs correlation coefficient was calculated for the AVS and PVS. As a result, a moderate positive correlation was confirmed (r = 0.51, p < 0.01).
Since high reliability and validity were confirmed, basic attributes were examined using the scale created in this study. As a result of performing an examination based on gender differences, it was revealed that females had significantly higher overall scores than males with regard to total vulnerability and for all subscales ( Table-4 ).
Next, the influence of the differences between high, medium, and low levels of vulnerability and gender on depression was confirmed.
As a result, the main effects of vulnerability (F (2, 362)= 10.5, p < 0.001, η 2 = 0.05, partial η 2 = 0.06) and gender (F (1, 362) = 21.1, p < 0.001, η 2 = 0.05, partial η 2 = 0.06) were determined to be significant (Figure-2) . The interaction was not significant (F (2, 362)= 0.1, n.s., η 2 < 0.01, partial η 2 < 0.01).
Discussion
The AVS, a scale that measures the vulnerability of Japanese university athletes, was developed in this study. Previous studies have not developed a scale for measuring athlete-specific vulnerability. Yamaguchi From the results of this study, a scale of 12-items, 3-factors determined to have both reliability and adequacy was developed. As a concrete content of reliability and validity, the reliability for the first factor was determined to be 0.72, for the second factor was 0.79, and for the third factor was 0.80. After re-examination using ICC, the first factor was 0.79, the second factor was 0.88, and the third factor was 0.84; all factors were significant at the 0.1% level. As per ICC standards, a factor between 0.61 and 0.80 is substantial, and a factor of 0.81-1.00 is almost perfect 18) . In terms of validity, the fitness of the model was GFI = 0.95, AGFI = 0.92, CFI = 0.95, and RMSEA = 0.06. Going by RMSEA, a model is invalid if it is larger than 0.1 19) ; meanwhile, Hu and Bentler 20) set the criterion as a GFI of 0.95. Considering these thresholds, it is clear that the fit indices for this scale were generally good. Below is a discussion of the scale. The first factor,"vulnerability due to being denied or ignored from others"relates to items such as"I feel hurt when senior athletes talk about me behind my back"and"I feel hurt if people deny my qualities" . It consists of emotional damage caused by the athleteʼs relationship with others. In particular, relationships with senior students, gossip from peers, denial of efforts by junior students, and denial of general characteristics were omitted. Negative experiences with teammates included"I was told that I did not have sufficient ability, such as ʻthere is no pointʼ" ,"even if I talked to someone, I was ignored" , and"others ignored me" 21) . Stressors in the competition scenario include"to be talked about behind oneʼs back by team members" and"to be made fun of by team members" 22) . For these reasons,"vulnerability due to being denied or ignored form others"refers to instances in which athletes were hurt by the negative language and behaviors of their teammates. Therefore, if the score for this factor is high, it can be said that the athlete in question is vulnerable to negative experiences related to interpersonal relationships.
The second factor,"vulnerability due to inconsistent performance"relates to items such as"I feel depressed if I cannot achieve a goal I thought I could achieve"and"I lose confidence if I cannot perform as normal during a key situation" . It consists of item contents that reflect personal feelings of weakness or fragility as a result of a lack of performance in practice and games. Aritomi and Toyama 23) studied the thoughts that arise during athletic competition, finding that fear, anxiety, and tensions are regularly cited as reasons for failing to perform satisfactorily. In addition, for athletes, stress causes a slump in competitive power 24) . For these reasons,"vulnerability due to inconsistent performance"refers to a condition in which insufficient performance causes emotional pain. Therefore, if the score for this factor is high, it can be said that the athlete in question is vulnerable to negative experiences relating to performance.
The third factor,"vulnerability due to low interpersonal evaluation"relates to items such as"I feel depressed if there is less trust in me compared to other athletes"and"I lose confidence if athletes of a lower level than me receive good evaluations" . It consists of contents that relate to situations in which the athlete feels that he/she is being rated lower than others and consequently feels emotionally hurt by this perceived inferiority. According to Brown 25) ,"comparison"is one of the factors constituting vulnerability. In fact, even Hamazaki 26) cites it as a component of vulnerability. Specific items here include:"My test scores in my favorite subject were worse than those of my friends"and"In class, the other students understood the concept but I did not" . From these facts, the condition of"vulnerability due to low interpersonal evaluation"extracted in this study is similar to comparison. Therefore, "vulnerability due to low interpersonal evaluation" means a condition in which emotional pain is caused by comparing oneself with others and by comparisons conducted by third parties. If the score for this factor is high, it can be said that the athlete in question is vulnerable to the negative experiences related to comparisons with others.
In this study, we examined athletesʼ vulnerability based on mixed methods research 13) . Vulnerability in sports has not been studied to date and it was unclear in what situations an athlete is hurt if feeling brittle or weak. After conducting an interview survey, it became clear that the three factors--"vulnerability due to being denied or ignored from others (denial)" ,"vulnerability due to inconsistent performance (performance)" , and "vulnerability due to low interpersonal evaluation (comparison)"--represent vulnerability in sports. In addition, the mixed methods research clarified that athletesʼ vulnerability is related to depression. Vulnerability relates to instances in which a person cannot endure the influence (e.g., stressor) of a hostile environment 27) . The three factors identified in this study--denial, performance, and comparison--conform with this notion. If the three factors that constitute vulnerability appear as negative events for the athlete, they become hostile factors that increase the individualʼs vulnerability.
As a gender difference was confirmed in this regard, we applied a two-way ANOVA to examine the differences between high, medium, and low vulnerability and gender in terms of depression scores. Consequently, the main effect was confirmed for both variables. From these results, it was suggested that the risk of depression is high when vulnerability is high, and that female athletes are more affected by depression than male athletes. Indicator of depression used in this study: SDS (Self-rating Depression Scale) is frequently used in the psychiatric field and includes depression symptoms composed of subjectʼ s main emotion, physiologically accompanying symptoms, psychological accompanying symptoms to measure the severity of the disease 16) . The prevalence rate of depression among university athletes ranges from 15.6-21% 28) . According to Yamaguchi et al. 29) , significant differences were observed using the PVS, suggesting that females were more vulnerable than males. Thus, female athletes have a higher probability of experiencing signs of depression than male athletes 30) . In addition, it has been shown that female athletes are 1.3 times more risky of depressed symptoms than male athletes 31) . This explains why female athletes may have a higher vulnerability score than male athletes.
We believe that the scale created in this study has three merits. The first is that it constitutes an assessment tool for athletesʼ vulnerability. The AVS is an important assessment tool for explaining an athleteʼ s mental health issues and for identifying prepared conditions of depressive symptoms. In the United States, 17% of adults experience at least one episode of major depression during their life 32) . According to Isoard, Guillet & Gustafsson. 33) , we claim that preventive measures are needed to reduce potential sources of stress, to ensure athletesʼ well-being, and to minimize the risk of early dropout from elite sport. Therefore, it can help improve the mental health of athletes who do not wish to attend counseling and those who are considering quitting their teams. The second strength is that it allows coaches to identify vulnerable athletes. Coaches who understand the vulnerability of athletes can reconsider how they treat these athletes and how to provide appropriate coaching. Coach-related stress factors include"arguing with my coach"and"coach was upset with me" 34) . In Japan, coaches themselves may constitute stress factors for athletes. Especially in the case of highly vulnerable athletes, athletesʼ mental health may be harmed by coachesʼ comments without the latterʼ s knowledge. Therefore, we believe that if a coach is aware that an athlete is vulnerable, they can attempt to moderate the athleteʼs coach-related stress factors. The third strength is that the scale can constitute an indicator for understanding team atmosphere. Athletesʼ recognition of vulnerable teammates can lead to improved team collaboration. One of the reasons athletes leave clubs is"human relations problems" 10) . Therefore, we believe that understanding the vulnerability of athletes will contribute to preventing quitting and improving stress reduction among athletes. There were some limitations to this study. Since the subjects were university athletes, to generalize the findings to adult, professional, and junior athletes, it is necessary to apply the scale to such populations. Also, since this was a cross-sectional survey conducted at a certain point in time, the relationship between vulnerability and depression was considered only at one point. Athletes experience stressors both in competitive scenarios and in their daily and academic activities. For example, it may be possible that vulnerability is increased by a single stressful event (severe injury, defeat at national tournament finals, etc.). In this study, we did not consider the relationship between vulnerability and stress; thus, in the future, it will be necessary to examine this relationship through longitudinal studies. In this study, we examined depression as a factor related to vulnerability. On the relationship between vulnerability and depression, we analyzed the position of both concepts assuming that vulnerability affect depression. The vulnerability used in this study was based on the definition of Hayashi 4) , for example, the vulnerability Yamaguchi, et al: Development of the Athletic Vulnerability Scale for university athletes as a temporary condition occurring in practice or game environment. Therefore, we used vulnerability as an individual factor and depression as an outcome. From now on, by looking at relationships with personality traits, such as those who are overly vulnerable and those with a high tendency to neuropathy, it will be possible to examine the vulnerability from the viewpoint of trait and state.
We developed the AVS and concluded that female athletes have higher vulnerability than male athletes. Also, it was revealed that female athletes with high vulnerability had higher depression scores.
